
Chapter 7

Estimates and Sample Sizes

Lecture 1

7.3 – 7.4 

Confidence Intervals

x

We will now work with inferential statistics.  Recall that inferential 

statistics are methods used to draw inferences about a population 

from a sample. Thus, we will use sample data to make estimates of 

population parameters.  These parameters consist of the Mean µ, 

Proportion p, Variance σ2, and Standard Deviation σ

To begin, we will use     to estimate µ.

In this case,    is the best Point Estimate of µ. 

*Note: The sample mean is an unbiased estimator of the µ. 

What is a point Estimate?

Definition: A point estimate is a single, specific value used to 

approximate a population parameter.

What we will do is create a range or interval that best estimates the 

population mean µ.

x



Confidence intervals or interval estimates, consist of a range or an 

interval of values instead of just a single value, which is likely to 

include an unknown population parameter. A confidence interval is 

sometimes abbreviated as CI. 

Confidence intervals are associated with a confidence level, such as 

0.95 or 95%. The confidence level gives us the success rate of the 

procedure used to construct the confidence interval.  

We denote the degree of confidence or confidence level by (1– α ), 

where α is called level of significant. 

α = level of significance.(Ch. 8)

(1– α ) = confidence level or degree of confidence.(Ch. 7)

A 0.95 or 95% confidence level, the level of significance is α=0.05. 

A 0.99 or 99% confidence level, the level of significance is α=0.01.

In practical terms, you are a researcher and you state that the average 

income of a college graduate is between $30k and $35k per year.

$30,000< µ <$35,000 or ($30000 , $35000)

Well, you did not survey every college graduate because that would 

be too “costly”.  Thus, you took a sample.  

If you were to survey every college graduate, then you would be 

100% confident of your estimation.  However, you did not, so your 

estimation must have some statistical legitimacy.  This legitimacy 

comes from how confident you are of you estimation.  So you can be, 

just to name a few, 90%, 98%, or 99% confident of your research and 

results.

The question now is how do we come up with these intervals?



We first need to make some assumptions:

1. As before, the sample is a simple random sample. 

(All samples of the same size have an equal chance of being selected.)

2. The value of the population standard deviation σ is known.

3. Either or both of these conditions is satisfied: 

i.  The population is normally distributed 

or 

ii.  n >30.  (n>30 – Central Limit Theorem)

Secondly, to construct a confidence interval, we need a critical value.

The critical value: z
α/2 is the positive z value that is at the vertical 

boundary separating an area of α/2 in the right tail of the standard 

normal distribution. The value of –z
α/2 is at the vertical boundary 

separating for the area of α/2 in the left tail.  
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α/2 µ z

α/2

Critical Values

α/2 α/2
1 – α

Confidence Level

This tells us that the critical values will come from Table A-2.

Illustration:



The following are examples of some Critical Values: CV’s

Confidence Area in one

Level 1 – α α tail: α/2 ±z
α/2

50% 0.50 0.50 0.25 ± 0.67

80% 0.80      0.20             0.10 ± 1.28

90% 0.90 0.10             0.05 ± 1.645

95% 0.95 0.05             0.025 ± 1.96

98% 0.98 0.02             0.010 ± 2.33

99% 0.99             0.01             0.005 ± 2.575

Now that we have the critical values, we need to calculate the Margin 

of Error – E. It is the difference between the sample mean and the 

population mean.  

E is the possible maximum difference between the observed sample 

mean and the true value of the population mean, with probability

1– α.  Recall, confident (1– α ).

Thus, our confidence interval when σ is known is as follows:
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Example 1. Lets go through the steps to construct a confidence interval.

i. If you want to be 96% confident, what are the critical values?

Z = zµ = 0

0.02

05.2
2

−=αz

0.02

0.96

05.2
2

=αz

ii. What is the Margin of Error of a confidence interval if n=106, σ=36 

and the level of confidence is 96%.

168.7
106

36
05.2 =








⋅=E

iii. Given the information for i and ii, construct the confidence interval 

for µ if the sample mean is 300?

168.307832.292

168.7300168.7300
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iv. Now that we have constructed the confidence interval, we will state 

our conclusion.

“We are 96% confident that the population mean is between 292.832 and 

307.168.”

Know that when we have a specific question with a specific “story line”, 

you will have to use that information to write the conclusion. 



2. 35 10th-graders were sampled and it was found that the average 

reading comprehension score was 82. It is known that the 

population standard deviation of reading comprehension scores is

15.  

a.  Find the 95% confidence interval of the population mean reading 

comprehension scores of all 10th-graders.

b.  Find the 99% confidence interval of the population mean reading 

comprehension scores of all 10th-graders.

Determining Sample Size Required to Estimate µ.

When we plan to collect a simple random sample of data that will

be used to estimate a population mean, how many sample values 

must we obtain?  

Always remember that there must be statistical legitimacy.

Example 3. Again, you want to estimate the population average 

income for college graduates. How many college graduates must be

randomly selected if we want to be 98% confident that the sample

mean is within  $500 of the population mean?  Assume that 

σ=$1500.  

To answer this, we need a new formula.
2

2

z
n

E

α σ 
 =
  

Zα/2=2.33

σ=$1500

E=500

n=48.86

Round Up

n=49



4. Assume that we want to estimate the mean IQ score for the 

population of police officers. How many police officers must be 

randomly selected if we want a 94% confidence interval that that

has margin of error of 5 IQ points? Assume that σ=20.

5.  Nielsen Media Research wants to estimate the mean amount of 

time (in hours) that full-time college students spend watching 

television each week.  Find the sample size necessary to estimate 

that mean with a 0.25hr (or 15min) margin of error.  Assume that

that a 97% degree of confidence is desired and from a previous 

pilot study it showed that the standard deviation is estimated to be 

1.87hr.

We have discussed how to construct a Confidence Interval (CI) if σ

is a known value.  In most practical cases, σ is unknown.  

The question now is, how do we construct a Confidence Interval if        

σ is unknown?

We first need to make some assumptions as before:

1. As before, the sample is a simple random sample. 

(All samples of the same size have an equal chance of being selected.)

2. Either: 

i.  The sample is from a normally distributed population.

or 

ii.  n >30. (Central Limit Theorem)

Because we do not know the value of σ, we estimate it with the

sample standard deviation s. This introduces a source of unreliability; 

therefore, we will compensate with a larger critical value that is found 

from the Student t distribution. Table A-3



Properties of the Student t Distribution

1. The Student t distribution is different for different sample sizes. 

2. The distribution is less peaked than a normal distribution and with 

thicker tails. As the sample size n increases, the distribution 

approaches a normal distribution.

3. The Student t distribution has a mean of t = 0, just as the standard 

normal distribution has a mean of z = 0.

4. The standard deviation of the Student t distribution varies with the 

sample size, but it is greater than 1, unlike the standard normal 

distribution, which has σ = 1.

5. The population standard deviation is unknown.

n

s
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α

The formulas are as follows:

Margin of Error – where tα/2 is the critical value 

from table A–3 and it has n – 1 degrees of freedom (df).
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7. Find the critical values of the following:

a.  Confident 95%, σ is unknown, n=10, population distribution is almost 

normal.

df = 9 with 0.05 in two tails combined or 0.025 in one single tail.

b.  Confident 98%, σ is unknown, n=61, population distribution is skewed.

df = 60 with 0.02 in two tails combined or 0.01 in one single tail.

c. Confident 99%, σ is unknown, n=6, population distribution is skewed.

No critical values.  We cannot determine them with these methods.

262.2
2

±=αt

390.2
2

±=αt

How do we determine if critical values exist?



8. In a sample of 50 children ages 8–12, it was found that they spend an average 

of $15.00 with a standard deviation of $4.30 on miscellaneous items.  

Construct a 90% confidence interval estimate of the population mean.

T = tµ = 0

0.05

676.1
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0.05

0.90

676.1
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019.1
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We are 90% confident that children ages 8 – 12 spend between an average of 

$13.98 and $16.02 on miscellaneous items.

9. In crash tests of 15 Honda minivans, collision repair costs are found to 

have a distribution that is roughly bell-shaped, with a mean of $2786 

and a standard deviation of $937.  Construct a 99% confidence 

interval for the mean repair cost in all such vehicle collisions.

10. A sample of 12 college transfer students gained the following amount 

of weight in pounds:    4   9   6   18   19   23   23 20   9   22   5   10  

If weight gain of transfer students has a bell-shape distribution, construct 

a 99% confidence interval estimate for µ.

Using a calculator, it was found that


